ABSTRACT. Rape seed (Brassica napus L.) is one of the most important oil seed crops in the world. Genetic manipulation of rapeseed requires a suitable tissue culture system and an efficient method for plant regeneration, as well as an efficient transformation procedure. However, development of transgenic B. napus has been problematic, and current studies are limited to cultivated varieties. In this study, we report a protocol for regeneration of transgenic rape after Agrobacterium-mediated transformation of hypocotyls from the spring B. napus 'Precocity' cultivar. We analyzed the effects of plant growth regulators in the medium on regeneration. Additionally, factors affecting the transformation efficiency, including seedling age, Agrobacterium concentration, infection time, and co-cultivation time, were assessed by monitoring GUS expression. Results from these experiments revealed that transformation was optimized when the meristematic parts of the 16841 Transformation and root formation of Brassica napus ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (4): 16840-16855 (2015) hypocotyls were taken from 8 day-old seedlings, cultured on Murashinge and Skoog basal media containing 0.1 mg/L 1-naphthaleneacetic acid and 2.5 mg/L 6-benzylaminopurine, and incubated in Agrobacterium suspension (OD 600 = 0.5) for 3 to 5 min, followed by 2 days of cocultivation. Integration of T-DNA into the plant genome was confirmed by polymerase chain reaction (PCR), b-glucuronidase histochemical staining, and quantitative real-time PCR. The protocols developed for regeneration, transformation, and rooting described in this study could help to accelerate the development of transgenic spring rape varieties with novel features.
INTRODUCTION
Due to its economical and nutritional value, Brassica napus is one of the major oilseed crops worldwide (Kong et al., 2011) . The customary approaches currently used to improve B. napus production, such as cross hybridization, are associated with many problems, including the long juvenile stage and the high degree of heterozygosity, as well as problems with pollen and ovule sterility. However, genetic engineering technologies can be highly valuable for crop improvement, and can lead to the development of novel varieties with improved traits. Therefore, genetic engineering technologies could have a substantial impact on both biotic research and agricultural biotechnology related to B. napus. Plant transformation technologies facilitate integration of a gene into the plant genome, followed by regeneration of the entire plant. Various techniques have been used for transformation in plants, including electroporation, protoplast transfection, and microspore transfection (Hu et al., 1999; Bhalla and Singh, 2008; Abdollahi et al., 2009) . However, the Agrobacterium-mediated transformation approach is considered to be superior to other methods owing to its ease of application and low cost. Several studies have reported successful transformation of B. napus with Agrobacterium tumefaciens (Chhikara et al., 2012) . These transformation technologies can be used for gradual crop improvement, as they have been used to produce novel improved traits, such as herbicide tolerance (Konagaya et al., 2013) , regulated oil composition (Knutzon et al., 1992) , insect resistance (Keshamma et al., 2012) , and salt tolerance (Dhaka et al., 2013) .
In addition to A. tumefaciens-mediated transformation, plant tissue regeneration is a critical process in plant transgenesis. Regeneration depends on many factors, including plant cultivar type, age of explants, media composition, environmental conditions, and hormonal combinations (Bhalla and Smith, 1998; Zhang et al., 2005; Maheshwari et al., 2011) . In addition, various types of tissues have been reported to be useful for Agrobacterium-mediated transformation in B. napus, such as cotyledons, stems (Fry et al., 1987; Pua et al., 1987) , roots, and hypocotyls (Zhang and Bhalla, 2004; Moghaieb et al., 2006; Mashayekhi et al., 2008) . Halfhill et al. (2001) found that transformation of B. napus (canola) using hypocotyls as explants resulted in only 4% efficiency. In order to reduce the number of cultivars required to obtain transgenic plants and to provide better transformation efficiencies for other varieties, methods for improvement of transformation efficiency are urgently needed.
In this study, we describe the development of a complete procedure for Agrobacteriummediated transformation and plant regeneration of the spring rape seed cultivar 'Precocity', using meristematic portions of hypocotyls as explants. The goal of this study was to establish an A. tumefaciens-mediated transformation procedure for B. napus hypocotyl segments to pave the way for the generation of transgenic plants.
MATERIAL AND METHODS

Plant materials
Rapeseeds (B. napus 'Precocity') were obtained from the Academy of Agricultural Sciences in Qinghai Province. The seeds were sterilized by incubation for 3 min in 70% alcohol, followed by 30 min in 15% H 2 O 2 . The seeds were then soaked in sterilized water for 4 h and allowed to germinate on MS (Murashige and Skoog) medium containing 3% sucrose (w/v) and 0.55% agar (w/v). Unless otherwise mentioned, the pH of the medium used in this study was approximately 5.8. Plants were maintained at 25° + 1°C under a 16/8 cycle (light/ dark) using cool white fluorescent light.
Culture conditions and plant regeneration
Sterile seedlings were used as the source of explants for regeneration studies. Hypocotyl segments (0.6 to 1cm) were obtained from 5 to 10-day-old seedlings and tested for growth for a period on shoot induction media and shoot regeneration media containing the following hormonal combinations: a) Shoot induction media, 2,4-D (2,4-dichlorophenoxyacetic acid) (0.5 to 2 mg/L), 6-BA (6-benzyladenine) (0.2 to 1 mg/L); b) Shoot regeneration media, NAA (a-naphthaleneacetic acid) (0.1 to 1 mg/L), 6-BA (1.5 to 4.5 mg/L).
After the shoots reached a length greater than 3 cm, they were excised from the explants and transferred to rooting media. When the lengths of the roots reached approximately 3 to 5 cm, the plantlets were removed from the culture vessels, washed with water to remove any adhering medium, and then transferred to pots. The plants were covered with plastic film and placed in growth chambers for 4 to 6 days and were then moved to a greenhouse after 10 days.
Agrobacterium culture and vector construction
A. tumefaciens strain GV3101, harboring the pCAMBIA1301 or pBI121 plasmid, was used for plant transformation. Due to the presence of a SacI restriction enzyme site in both the desired HSP22 sequence and in the T-DNA region of plasmid pBI121, the site was removed from HSP22 by site-directed mutagenesis without changing the identity of the amino acid ( Figure 1A ). The T-DNA construct is shown in Figure 1B and C, and the primers used in this experiment are included in Table 1. A single colony of A. tumefaciens was cultured on solid Luria Broth medium containing 50 mg/L gentamycin, rifampicin, and kanamycin at 28°C. The single clone was then agitated at 200 rpm in a shaker for approximately 24 h. Subsequently, the bacterial cells were collected by centrifugation and resuspended in MS media. The final concentration was adjusted to an OD 600 value of approximately 0.5.
Hygromycin sensitivity assay for hypocotyl segments
The hygromycin sensitivity of hypocotyls subjected to transformation was tested in order to efficiently screen for transgenic plants after transformation. Hypocotyls excised from in vitro seedlings were cultured on shoot regeneration media containing 0.1 mg/L NAA, 2.5 mg/L 6-BA, 3% sucrose, and 6.5 g/L agar, supplemented with hygromycin (0, 2, Hygromycin was added to the medium when it reached a temperature of approximately 55°C prior to solidification. After 20 days of culture, the optimal concentration of hygromycin was determined based on significant differences between the explants maintained under the conditions with different concentrations of hygromycin.
Transformation of plant cells
To produce transgenic plants, hypocotyls were immersed in bacterial suspension (OD 600 0.5) for 3 to 5 min. The explants were dried under a culture dish, on sterile filter paper, in order to remove excess bacteria, and were then cultured on co-cultivation medium containing shoot regeneration medium and acetosyringone. The plates were sealed with Parafilm and cultured under dark conditions at 25°C for 3 days. The hypocotyls were then transferred to selection medium, which was shoot regeneration media, supplemented with 4 mg/L hygromycin and 500 mg/L carbenicillin (Car). The explants cultured on shoot regeneration media served as the control. The selection medium was changed every 2 weeks in order to maintain selective pressure.
Polymerase chain reaction (PCR) and quantitative real-time (qRT)-PCR analyses
Total genomic DNA was extracted from young plant leaves using the cetyltrimethylammonium bromide (CTAB) method (Doyle, 1990) . PCR (25 μL) contained 12.5 μL PCR mix, 2 μL template DNA, and 0.5 μL of each forward and reverse primers. DNA isolated from wild type plants served as a negative control, and the pCAMBIA-1301-HSP22 vector served as a positive control. The primer pairs were used to amplify fragments approximately 700 bp in length that spanned a region from the napin promoter to HSP22. Reactions were incubated at 94°C for 5 min, followed by 30 cycles of 30 s at 94°C, 30 s at a range of temperatures from 54° to 58°C, and 1 min at 72°C, and a final extension at 72°C for 10 min. Transgenic plants were identified, as previously described (Bubner and Baldwin, 2004) , by qRT-PCR. First-strand cDNA was synthesized from 1 μg RNA. The cDNA concentration was measured using a NanoDrop 1000 instrument (Thermo Fisher Scientific Inc., USA). Oligonucleotide primers were used to amplify a 230-bp fragment of HSP22. Rapeseed β-actin (AF111812) (Ling et al., 2006) was used as the reference gene for data normalization. A negative control lacking cDNA was included. qRT-PCR was conducted using the Mini Option Real-Time PCR system (Bio-Rad), following the manufacturer instructions. All reactions were conducted in sample wells containing 2 μL cDNA, 10 μL 2X SYBR Green I Master PCR mix, 1 μL 0.5 μM of each primer, and 6 μL sterile water. Reactions were cycled under the following conditions: 5 min at 94°C, 25 to 28 cycles of 94°C for 30 s, annealing temperature (59°C) for 30 s, 72°C for 1 min, and a final extension at 72°C for 10 min. Each reaction was performed in triplicate. All primer sequences are listed in Table 1 . Primers were designed using the Primer Premier 6.0 software based on the identified rapeseed sequences.
Histochemical β-glucoronidase (GUS) assay
Transient GUS expression was analyzed in hypocotyl explants after co-cultivation on transformed and untransformed tissues. All explants were rinsed four times in doubledistilled water and were then stained in GUS solution overnight at 37°C as previously described (Jefferson, 1987) . After staining, the explants were incubated in 70% ethanol until no chlorophyll remained. Transient GUS expression was calculated by recording the number of explants with blue staining.
Statistical analysis
Three replicates of 20 explants per treatment were analyzed to optimize the parameters of the A. tumefaciens-mediated transformation. Each experiment was repeated at least twice. The data were analyzed using Origin 8.0. One-way ANOVA was performed using the Statistical Package for the Social Sciences (SPSS) software.
RESULTS AND DISCUSSION
Effect of plant growth regulators on regeneration of B. napus Callus induction
Callus induction is a critical step in plant regeneration. In this study, cotyledons and hypocotyls isolated from rapeseed were used to identify the optimal combinations of growth regulators. Explants were cultured on MS medium containing various combinations of cytokinin (6-BA) and auxin (2,4-D). A previous study showed that the combination of a higher concentration of auxin and a lower concentration of cytokinin was more efficient for induction of callus formation (Maheshwari et al., 2011) . Similarly, results from the present study demonstrated that callus regeneration was minimal in the absence of 6-BA. When the minimum concentration (0.2 mg/L) of 6-BA was added to the medium, the callus regeneration possessed the highest efficiency: 50.6% from hypocotyls and 29.3% from cotyledons. Upon increasing 6-BA concentration, callus regeneration in the explants gradually declined. This result was similar to that previously described by Maheshwari et al. (2011) , which showed that increasing the concentration of BA in medium containing 2,4-D, decreased callus regeneration. We also analyzed combinations containing different concentrations of 2,4-D (Figure 2A and B). Addition of 2,4-D resulted in an increase in callus regeneration, and the optimal concentration was found to be 1 mg/L, consistent with a previous study (Maheshwari et al., 2011) . However, the effects of 2,4-D decreased at higher concentrations. In general, the combination of 1 mg/L auxin (2,4-D) and 0.2 mg/L cytokinin (6-BA) was found to be optimal for callus induction in both cotyledon (40.3%) and hypocotyl (61.7%) explants (Figure 2A and B).
Shoot regeneration
Due to the effect of age on physiological status, the age of the explant material is critical for shoot regeneration. In order to determine the optimal age for the explants, we tested explants cultured from 4-, 6-, 8-, 10-, and 13-day-old seedlings. Results from this analysis showed that 6 day-old seedlings were more beneficial for shoot regeneration (data not shown). The younger seedlings rarely exhibited callus responses, while the older seedlings generated more unorganized calli.
After callus induction, we attempted to identify the optimal concentrations of NAA and 6-BA for induction of shoot buds. An earlier study reported that high levels of auxin and cytokinin are essential for shoot regeneration from different types of explants. Ali et al. (2007) showed that media containing 0.1 mg/L NAA and 4.5 mg/L 6-BA is beneficial for shoot regeneration of B. napus. In the present study, we found that medium supplemented with 0.1 mg/L NAA and 2.5 mg/L 6-BA was optimal for shoot regeneration from cotyledon and hypocotyl explants. The highest observed frequencies of shoot regeneration from cotyledon and hypocotyl segments were 57.9 and 73.3%, respectively ( Figure 2C and D) . Other concentrations of NAA and 6-BA led to the production of more callus, as opposed to shoot regeneration.
Shoot induction and proliferation from cotyledons requires a longer time than that from hypocotyl segments, which regenerated in 4 weeks. The shoot regeneration frequency was approximately 18% higher for hypocotyls compared with cotyledons. Thus, we determined that hypocotyl was a better choice than cotyledon for further experiments regarding in vitro regeneration. Similarly, previous reports indicated that hypocotyls are better than cotyledons as explants for transformation experiments (Cardoza and Stewart, 2003; Maheshwari et al., 2011) , although this comparative response is also related to genotype. D) show regeneration of hypocotyl segments and cotyledon segments respectively. Thirty explants were cultured for each treatment, and the experiments were repeated at least twice. SD was calculated from 60 explants.
In the present study, we found that the formation of shoots from cotyledon and hypocotyl differed in the shoot regeneration system compared with the transformation system. The shoot always regenerated directly from the explants in the plant tissue regeneration experiments (Figure 3) . However, after infection by A. tumefaciens, a majority of both hypocotyl and cotyledon explants first produced callus, and then shoots regenerated from the calli; only a few shoots directly regenerated from the explants. Thus, incubation of explants with Agrobacterium appears to lead to callus induction cell by cell, and shoot buds subsequently regenerate from callus. 
Effect of hygromycin on survival of hypocotyl segments
In order to reduce loss of transgenic individuals, selection on hygromycin is necessary after transformation. Due to significant differences in hygromycin sensitivity between rape seed cultivars, we first analyzed hygromycin sensitivity of hypocotyl explants. Explants from seedlings of three different ages (4, 8, and 12 day-old) were cultured on shoot regeneration media containing different concentrations of hygromycin (0, 2, 3, 4, 5, and 10 mg/L). Explants cultured on hygromycin-free media served as the control, representing 100% survival. The frequency of the surviving explants drastically declined with increasing hygromycin concentrations ranging from 2 to 5 mg/L (Figure 4) . Approximately 8.7% survival was obtained when the hygromycin concentration was increased to 4 mg/L. These results are not consistent with those of Bhuiyan et al. (2011) , who reported that 15 mg/L hygromycin was optimal for the primary selection of transgenic shoots. However, differences exist among various cultivars of B. napus. Therefore, based on our results, the selection procedure used for transformants in subsequent experiments was 4 mg/L hygromycin in order to maximize efficiency.
Optimization of factors affecting GUS expression and hygromycin resistance
Use of optimal biological conditions for the explants is important for maximizing infection and T-DNA transfer through A. tumefaciens. Many studies have reported a number of factors capable of influencing Agrobacterium-mediated transformation, including biotic and abiotic conditions such as regeneration, cultivar identity (Boszoradova et al., 2011) , preconditioning time, co-cultivation time (Cardoza and Stewart, 2003; Zhao et al., 2013) , and pre-selection period (Khan et al., 2003) . Monitoring the function of visible reporter genes is crucial for selection of transgenic shoots, as well as for standardizing the factors affecting efficiency of transformation (Chattopadhyay et al., 2011) . Using the pCAMBIA1301 binary vector, the CaMV35S (Cauliflower mosaic virus 35S) promoter was used to drive gusA expression. A modified intron inserted between the first and second exon of the gusA gene ensured that GUS activity occurred only after the T-DNA was transformed into plant cells, avoiding the influence of GUS expression in Agrobacterium (Chattopadhyay et al., 2011) . Our results indicate that four key factors, seedling age, Agrobacterium concentration, infection time, and co-cultivation time, affect Agrobacterium-mediated transformation as revealed by GUS expression and hygromycin resistance. Previous studies have reported the use of seedlings of different ages from various plant species as donor material for transgenic experiments, including 8-day-old canola seedlings (Maheshwari et al., 2011) and 21-day-old B. napus seedlings (Jonoubi et al., 2005) . In the present study, GUS expression and hygromycin resistance were monitored to evaluate the effect of explant age on the transformation frequency of the B. napus 'Precocity'. Hypocotyl segments derived from 4-, 6-, 8-, and 10-day-old seedlings were incubated for 3 to 5 min in bacterial suspension (OD 600 = 0.5). Results from this analysis revealed that explants from 6-and 8-day-old seedlings exhibited the highest transformation frequency, as assessed by GUS expression (about 24%) and hygromycin resistance (approximately 32%) ( Figure  5A ). In survival response experiments, 6-, 8-, and 10-day-old seedlings cultured on selected media exhibited no significant differences, whereas 8-day-old seedlings exhibited more GUS expression than 6-and 10-day-old seedlings ( Figure 5A ). Differences in transformation frequency have previously been reported in B. napus plants of different seedling ages. Cardoza and Stewart (2003) found that seedlings less than 10 days old were optimal for shoot regeneration and transformation. Maheshwari et al. (2011) found that hypocotyls from 8-day-old seedlings were optimal for Agrobacterium-mediated transformation of B. napus. In addition, it was observed that 5-day-old seedlings of the rutabaga cultivar 'American Purple Top Yellow' increase transformation efficiency (Song et al., 2012) . All these observations mentioned may primarily be related to a variety of endogenous plant hormones. The influence of Agrobacterium concentration on plant transformation has been studied in many species, including jute (Corchorus capsularis L.) (Chattopadhyay et al., 2011) , belladonna (Song and Walworth, 2013) , sweet orange (Khan et al., 2012) , and sunflower (Sujatha et al., 2012) . To identify the optimal concentration of A. tumefaciens required for high transformation frequency in rape seed, hypocotyl segments from 8-day-old seedlings were incubated in 50 mL media containing varying concentrations of Agrobacterium (OD 600 = 0.1, 0.3, 0.5, 0.7, and 1). We observed a significant influence of bacterial concentration on transformation and regeneration from hypocotyls. The increase in Agrobacterium concentration up to OD 600 0.5, resulted in concomitant increases in transformation frequency up to 27.27% by GUS expression and 35.71% by hygromycin resistance ( Figure 5B ). Few Agrobacterium cells were observed to enter plant cells in mixtures containing low concentrations of A. tumefaciens. However, with OD 600 values above 0.5, the transformation frequency gradually decreased, and most explants were observed to be necrotic. These results differ from the results of Cardoza and Stewart (2003) , who reported that the optimum Agrobacterium concentration for transformation was OD 600 0.8.
The duration of exposure of explants to Agrobacterium suspension is also a critical variable in the process of Agrobacterium-mediated transformation. Infection of Agrobacterium, transference, and T-DNA integration must all be completed in this period. We found that when incubated in Agrobacterium suspension, the explants immediately became inflexible. Explants from the optimal conditions were immersed in Agrobacterium cell suspensions for different time intervals (1, 3 to 5, 7 to 10, and 15 min). The maximum transformation frequency based on shoot resistance (36.4%) and GUS expression (27.9%) occurred when the hypocotyl segments were incubated in Agrobacterium suspension for 3 to 5 min, and this time was used in subsequent experiments. The transformation frequency declined with longer or shorter infection times ( Figure 5C ). The lower transformation frequency may be due to an insufficient number of Agrobacterium cells capable of interacting with hypocotyl segments over this period. In contrast, higher Agrobacterium concentrations with an overgrowth of Agrobacterium cells could lead to necrosis of the explants.
Co-cultivation time is another crucial factor affecting Agrobacterium-mediated gene transfer in plant cells. In this study, five time points (1, 2, 3, 4, and 5 days) were investigated to determine the influence of co-culture period on transformation frequency, as analyzed by hygromycin resistance and GUS expression. Both hygromycin resistance and GUS expression were found to increase from 1 to 2 days of co-cultivation. The transformation frequency associated with 3 days of co-cultivation was slightly lower than that for 2 days, and drastic decreases were observed for times longer than 3 days ( Figure 5D ). These results are in agreement with a previous report stating that co-cultivation for 2 days yielded the highest transformation frequency (Cardoza and Stewart, 2003) . In other studies, co-cultivation for three or four days has been used for transformation of B. napus. Thus, transformation efficiency likely depends on cultivar identity, explant type, physiological function, and other factors. Chetty et al. (2013) reported the comparative efficacy of various Agrobacterium strains for plant transformation. However, few studies have shown that different vectors affect the transformation efficiency in plants, especially B. napus. Therefore, in this study, we assessed whether plasmid identity is a critical factor for Agrobacterium-mediated transformation of B. napus by comparing pCAMBIA1301 with pBI121. The results showed that 26.9% of explants transformed with Agrobacterium carrying pCAMBIA1301 (OD 600~ 0.5) were resistant to hygromycin. In contrast, only 10.94% of explants were resistant to kanamycin after transformation with the same concentration of bacteria carrying the pBI121 plasmid (Table 2 ). It is likely that a single cell carries more pCAMBIA1301 plasmids than pBI121 plasmids, which would lead to increased T-DNA integration into the plantlet genome at the same Agrobacterium concentration. Thus, for subsequent experiments, we used Agrobacterium containing the pCAMBIA1301 plasmid for transformation experiments. Frequency of response was defined as the number of survival explants selected on hygromycin / the number of total explants x 100. b Regeneration frequency was calculated as the number of explants that regenerated shoot /total number of explants evaluated x 100. About 100 explants were cultured for both treatment and tested after 4 weeks of culture, and the data were calculated from three independent experiments. After selecting the optimal parameters, hypocotyl segments from 8-day-old seedlings were incubated with Agrobacterium (OD 600 0.5) for 3 to 5 min and then co-cultured for 2 days. Three weeks later, GUS expression was examined in the explants using a histochemical assay. GUS expression was also analyzed in some of the regenerating shoots, which were cultured on selective media and clearly showed blue color, whereas non-transformed tissues exhibited no color change. Fully-grown regenerating plants were transferred to MS media lacking a carbon source to keep the plants strong, and were then cultured on rooting medium. Most plantlets initiated growth of 3 to 5 roots within three weeks. The well-rooted plantlets were transplanted to small pots, covered with plastic film to acclimate to the external environment, and then transferred to large plastic pots for subsequent growth (Figure 6 ). Ahmed et al. (1998) reported that root establishment in transgenic shoots requires a great deal of labor and time. A previous study reported that because half-strength media has reduced ionic strength, it is more beneficial for regenerated shoot rooting (George, 1996; Upreti and Dhar, 1996; Kooi et al., 1999) . To identify the optimal medium for root formation, we tested thirteen medium compositions (Table 3 ). No differences in root regeneration were observed between plants grown in MS or ½ MS in the present study. Both conditions led to no root production in 8 weeks. Rooting frequencies of approximately 20% were observed after the shoots were transplanted to media containing 0.1 mg/L NAA and 200 mg/L Car. In contrast, rooting medium supplemented with Cefalexin (Cef) instead of Car resulted in increased shoot rooting. Rooting frequencies of 97.7% were obtained after the regenerated shoots were transferred to medium containing 0.5 mg/L indole butyric acid (IBA) and 200 mg/L Cef. Adding a lower concentration of sucrose to the rooting media was more beneficial for root induction, consistent with previous studies (Kooi et al., 1999) . Frequency of root regeneration was defined as the number of rooted plantlets out of total number of regenerated plants. 
Production of transgenic plants
Root regeneration
Analysis of transgenic plants
To confirm the integration of T-DNA, we used two pairs of primers, one pair specific for HSP22 and one pair that binds outside the T-DNA region. In this manner, transgenic plants integrated with HSP22 were selected, with a non-transformed plant and water used as controls (Figure 7) . HSP22 was detected in the transgenic plants. However, these sequences were not amplified in non-transformed plants. Fragments outside the T-DNA were also not detected. These results indicate that transgenic plants over-expressing HSP22 were successfully acquired through Agrobacterium-mediated transformation.
Identifying the transgenic plants is a critical step. Southern blot analysis requires a large quantity of genomic DNA and requires a long time. Some studies have reported that qRT-PCR analysis can be used as an alternative method for determining the transgenics as opposed to Southern blot analysis (Dutt et al., 2008 , Zhao et al., 2013 . Thus, in our study, we tested the transgenic B. napus 'Precocity' via qRT-PCR. These results showed that the transgenic plants analyzed have been transformed and resulted in the expression of HSP22 in this B. napus cultivar (Figure 8 ). This study has established a successful system for shoot regeneration and Agrobacterium-mediated transformation from meristematic parts of hypocotyl explants of B. napus. The results show that media containing 1 mg/L 2,4-D and 0.2 mg/L 6-BA was optimal for callus induction, which was followed by incubation in shoot regeneration medium supplemented with 0.1 mg/L NAA and 2.5 mg/L 6-BA. Transformation efficiency was shown to be influenced by many factors, including plant cultivar, type of explant tissue, strain and concentration of Agrobacterium, along with plasmid identity and other factors associated with the infection period. The operational protocols provide an alternative approach for regeneration of transgenic rapeseed and have potential for use in integrating other exogenous genes that may have significant value in the future.
